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INTRODUCTION
JC polyomavirus (JCPyV) is known to be an etiological agent of progressive multifocal leukoencephalopathy (PML), a central nervous system demyelinating disease found in immunosuppressed patients such as those with AIDS and leukemia. Especially, in AIDS patients, around 10% of them suffer from PML ( 1 ). In those patients, JCPyV DNA is detected from urine and peripheral blood mononuclear cells (PBMC). According to serological studies, this virus is found to be a ubiquitous virus among humans worldwide.
More than 75% of adults tested positive for antibodies ( 2 ) . Primary infection of this virus occurs in childhood asymptomatically from their parents ( 3 ). The site of persistence in healthy humans is the kidney ( 4 , 5 , 6 ). Thus, JCPyV DNA is excreted into the urine of about 20-80% of adults ( 7 , 8 , 9 ) .
Recently, the JCPyV genotype was found to be a good marker for revealing human birth origins in criminal investigation ( 10 , 11 , 12 ). For example, when we have a cadaver or a urine spot on the bed sheets at a crime scene, we cannot establish the crime victim's origins if there are no belongings, no eyewitnesses or no fingerprints on record. In such cases, we try to detect JCPyV DNA from the kidneys or the urine spot. From the worldwide genotype distribution, we can estimate the host's geographic origin. Therefore, detection of JCPyV DNA from whole blood samples is extremely important, as well as that from urine. Although there have been several reports on detecting JCPyV DNA from blood leukocytes, the detection rate is not clear. It ranged from 0% to 83% ( 13 , 14 , 15 ). However, most reports detected JCPyV DNA from hospitalized, immunocompetent individuals. Therefore, it is doubtful they can assume those patients to be "healthy" individuals, even if they do not suffer from immunocompromised-type diseases.
Here, we tried to detect JCPyV DNA from the whole blood and urine of 50 forensic cases who died from external injuries, not diseases. We compared the JCPyV sequences and genotypes detected from urine and whole blood DNA.
MATERIAL AND METHODS

WHOLE BLOOD AND URINE SAMPLES
Totally, 50 whole blood and urine samples were collected during forensic autopsies in Chiba University. The postmortem time was within 24 hours to guarantee fresh samples for this study. None of the present cases had any illnesses, including immunosuppressive diseases, such as AIDS and leukemia, and died from external injuries a judged from autopsy findings and police department reports. Table  1 shows the cause of death of positive subjects. All samples were stored at -20oC until use. DNA was extracted from 200µL of whole blood and urine using a QiaAmp DNA mini Kit (Qiagen GmbH, Hilden, Germany). 
CONVENTIONAL PCR
The 396-bp regulatory region and 610-bp typing region (IG region) ( 16 ) of JCPyV were PCR-amplified from DNA samples extracted from whole blood and urine, using ProofStart Taq DNA polymerase (QIAGEN). The 396-bp regulatory region was amplified using primers A1 and B3 ( 17 ). The IG region was amplified using primers P1 and P2 ( 16 ). The IG region is known to be a polymorphic region of the JCPyV genome. Enzyme activation and amplification of 20µL of reaction mixture containing a 1µL of sample DNA was performed according to the manufacturer's instructions. PCR conditions were 50 cycles of 20 s at 94°C, 30 s at 55°C, 1 min at 72°C after an initial 15 min of 95°C. PCR was performed using a Program Temp Control System Astec PC-320 (ASTEC Inc., Fukuoka City, Japan).
NESTED PCR
JCPyV regulatory regions were amplified by nested PCR using Proof Start DNA polymerase (QIAGEN) in which A1 and A2 were used as outer primers and B1 and B3 as inner primers ( 17 ). The first round was performed for 40 cycles, and the second round for 30 cycles using a Program Temp Control System Astec PC-320 (ASTEC). Other conditions were the same as conventional PCR method.
SEQUENCING OF AMPLIFIED FRAGMENTS
Amplified fragments were prepared using Gel Filtration Cartridges (Edge Biosystems, Gaithersburg, MD), and the purified fragments were used in a cycle sequencing reaction using a BicDYE Terminator Cycle Sequencing Kit v. 3.1 (Applied Biosystems, Foster City, CA). Same promoters used for PCR were added as primers at a final concentration of 0.25 pmol/µL in a reaction volume of 10 µL. Cycle conditions were set as in the manufacturer's instructions.
Products for sequencing were purified on Gel Filtration Cartridges (Edge Bio,), and DNA sequencing was performed using an automated sequencer (3100-Avant DNA sequencer; Applied Biosystems).
PHYLOGENETIC ANALYSIS
JCPyV DNA IG sequences (610-bp) detected in this study and those representing each genotype of JCPyV ( 18 ) were aligned using the Clustal X program, Version 1.82 ( 19 ) . From the aligned sequences, a neighbor-joining (NJ) phylogenetic tree ( 20 ) was constructed using Clustal X with Kimura's correction ( 21 ) . The phylogenetic tree was visualized using the NJ plot program ( 22 ). To assess the confidence level of the phylogenetic tree, bootstrap probabilities were estimated with 1000 bootstrap replicates ( 23 ). Bootstrap probabilities larger than 70% were considered significant ( 24 ).
RESULTS
AMPLIFICATION OF THE CONTROL REGION AND IG REGION OF THE JCPYV GENOME
From the urine DNA samples, using the conventional PCR and nested PCR, the control region and the IG region were amplified in eight cases (16%). The age, sex and cause of death of these cases are shown in Table 1 . There were no samples in which only the control region or the IG region were amplified. From the whole blood DNA samples, using the conventional PCR and nested PCR, the control region and the IG region was amplified in only one case (2%). Detected genotypes from the samples are shown in Table 1 . Seven cases were genotype CY and one case was genotype MY. In this case, sequences of the control region and the IG region were also amplified from the urine sample.
A case in which the JCPyV genome was amplified from both urine and blood.
The sequences of the control region amplified from the urine and whole blood were completely identical. The sequence of the control region was also the same as the archetypical (CY strain ( 25 )) viral sequence. The PML type sequence (i.e. the rearrangements in the control region) ( 26 ) of the control region was not detected.
The sequences of the IG region amplified from the urine and whole blood were completely identical. The detected JCPyV genotype was the 'CY' that is normally detected from healthy individuals in this geographical area.
DISCUSSION
Recently, the detection of JCPyV DNA has become an efficient tool to estimate the geographical origins of unidentified cadavers in the field of forensic medicine ( 10 , 11 , 12 ). The JCPyV genotype is classified into 12 main genotypes ( 19 ) . Each genotype distributes in type-specific areas worldwide. It is reported that JCPyV causes no superinfection ( 27 ) and no re-infection even if the host relocates. The same strain is maintained throughout life ( 28 ). Therefore, detection of the JCPyV genotype from the kidneys of unidentified cadavers or urine spots at crime scenes allows us to estimate the host's geographical origin medicine ( 10 , 11 , 12 ). In addition to the ethnic origin estimated from human DNA, the geographical origin estimated from the JCPyV DNA provides important information for profiling crime victims. The detection of JCPyV DNA from blood and bloodstain samples is very useful.
However, different from the detection of JCPyV DNA from urine and kidney samples, the reported detection rates of JCPyV DNA from blood leukocytes vary. In our study, JCPyV DNA was detected mostly from urine samples and it was very rare to detect JCPyV DNA from blood samples even in the urine of JCPyV-positive cases. We detected JCPYV DNA from both the blood and urine sample from one case. This cadaver was 79 years old female and was beaten by family members for more than six months until her death. In her postmortem blood analysis, a high CRP was noted. Although she had no illness, she may have been immunosuppressed and lacking the strength to maintain JCPyV in a persistent form. Therefore, we consider her to be a very special case.
Thus, we conclude that this virus persists in the kidneys after viremia from primary infection, but does not cause viremia in healthy individuals after the primary infection, so JCPyV DNA may not present in the blood of healthy individuals.
There was a report using samples taken from hospitalized patients, in which archetype JCPyV was found in urine samples, whereas PML type JCPyV was found in blood samples ( 29 ) . However, we found no PML type JCPyV DNA from urine and blood samples taken from our case. It is unclear how many people have PML type JCPyV DNA in blood and how this rearrangement of the control region occurs in the blood. From our results, JCPyV persisting in renal tissue may re-spread into blood vessels and cause viremia again only in immunnosuppressed individuals.
